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ABSTRACT: The performance of radiators is very important in the case of automobile application. The performance
mostly depends on the fin characteristics of the radiators. The size and heat duty of the radiators are very high in some
cases particularly in the armoured fighting application. Due to the various constraint particularly limitation in the
experimental set up, it is not possible to carry out the experiment with the actual size radiators. Hence, experiments need
to be carried out with scaled down size radiators. The results need to be extrapolated for actual size radiators. This paper
deals with this aspect.

I. INTRODUCTION

Radiators are used to dissipate the heat load of an engine. It helps to maintain the temperature of engine components
within a permissible limit. Both the overcooling and undercooling are detrimental to engine performance. Hence, the
performance of a radiator is very critical to ensure engine performance.

The performance of a radiator depends on a large extent on its fin type (coolant and air side). It is not possible to carry
out experiments with actual size radiator. Hence, in order to check the fin performance, scaled down size radiator is used
due to various constrains (for example power, space) of testing the full scale radiator in a radiator evaluation test facility
available with radiator manufacturers. Like all other experimental results [1-2], it is essential to extrapolate the
performance data of scaled down radiator to the full scale radiator with the same fin combination. This article describes
the procedure for extrapolating the performance of a scaled down radiator to the full scaled radiator, so that performance
of actual size radiator can be estimated without carrying out its testing.

II. METHODOLOGY

2. Extrapolation of results

The performance of a radiator of a particular size and fin configuration are predicted by estimating three parameters viz
(a) heat transfer rate, (b) coolant side pressure drop and (c) air side pressure drop corresponding to three input parameters
viz, (a) inlet potential, (b) coolant mass flow rate and (c) air mass flow rate. To characterise a radiator, three output
parameters (heat transfer rate, coolant and air side pressure drops) are evaluated at different combinations of three input
parameters (inlet potential, mass flow rates of coolant and air). During extrapolation both input and output parameters
need to be extrapolated.

2.1 Extrapolation of air side pressure drop
Air side pressure drop is estimated on a scaled down model for different mass flow rates of air. After extrapolation,
pressure drop in the actual radiator will be obtained with respect to extrapolated mass flow rates of air.

During extrapolation of the air mass flow rate, the Reynolds number of actual radiator needs to be considered as same as
that for test condition of scaled down radiator, because the friction factor depends completely on Reynolds number only.

As same fin is used for both actual and scaled down radiator, their fin hydraulic diameters are same. Hence, to maintain
same air side Reynolds number for both the scaled down and actual size radiator, air velocity in the case of the actual
radiator needs to be considered as same as that for test condition of scaled down radiator (Reynolds number depends on

air velocity, fin hydraulic diameter and air kinematic viscosity).

The flow area (Ag,) of air is known for the both actual (Afac.) and scaled down (Ags,) radiator is known.
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Hence, the mass flow rate of air for the actual radiator (ma,«.) corresponding to the test condition of the scaled down
radiator (mg,) is

Af,act,a (1)

As Reynolds number and velocity of the actual radiator are maintained as same as that for test condition of scaled down
radiator, the air side pressure drop for m,, of air flow rate in the actual radiator will increase proportional to the thickness
(th) of the radiator.

If ps.a is the pressure drop obtained for ms flow rate of air in the scaled down radiator, then pressure drop pac in the actual
radiator for myc,, air mass flow rate will be obtained as,

_ thact,a
pact,a - ps,a X th (2)
S,a

ms . n mass flow rates of air,

If psat Psan...... Psanare obtained for scaled down radiator at ms, 1, Msa2

Pressure pact,a,1, Pacta?,.... Pact.an Will be predicted for macea 1, Macta2,.... Mact,an Of actual radiator respectively,

Where mac,a and pacta can be calculated by using Eq. (1) and (2).

2.2 Coolant side pressure drop
Coolant side pressure drop is estimated on a scaled down model for different mass flow rates of coolant. After
extrapolation, pressure drop in the actual radiator will be obtained with respect to extrapolated mass flow rates of coolant.

During extrapolation of the coolant mass flow rate, the Reynolds number of actual radiator needs to be considered as
same as that for test condition of scaled down radiator, because the friction factor depends completely on Reynolds
number only.

As same fin is used for both the actual and scaled down radiator, their fin hydraulic diameters are same. Hence, to
maintain same coolant side Reynolds number for both the scaled down and actual size radiator, coolant velocity in the
case of the actual radiator needs to be considered as same as that for test condition of scaled down radiator (Reynolds
number depends on air velocity, fin hydraulic diameter and coolant kinematic viscosity).

The flow area (A¢.) of coolant is known for the both actual (Afacc) and scaled down (Ag;.) radiator.

Hence, the mass flow rate of coolant for the actual radiator (mac,c) corresponding to the test condition of the scaled down
radiator (ms.) is

A
foact,
Maere = Mg X Aac = 3

f.sc
As Reynolds number and velocity of the actual radiator are maintained as same as that for test condition of scaled down
radiator, the coolant side pressure drop for m.«c of coolant flow rate in the actual radiator will increase proportional to
the coolant flow length (1) of the radiator.

If ps. is the pressure drop obtained for m, flow rate of coolant in the scaled down radiator, then pressure drop pa« in the
actual radiator for m,. . coolant, mass flow rate will be obtained as,

_ lact,c
Pactc = Ps,c X ls o (4)

If psc.i Psco...... Pscnare obtained for scaled down radiator at mg. 1, Mscp,... Mscn mass flow rates of coolant,

Pressure pactc,1, Pacte,2..... Pacten Will be predicted for macic 1, Mactc2,.... Macten Of actual radiator respectively,
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Where m,qcand pactc can be calculated by using Eq. (3) and (4).
2.3 Heat transfer rate
During experimental study on scaled down radiator, heat transfer rate is estimated for a specific mass flow rate of coolant

(ms) and air (ms,) and specific inlet potential.

During extrapolation of results for actual size radiator, mass flow rates of air (mac,a) and coolant (macc) can be estimated
using Eqgs (1) and (3) respectively.

Heat capacity ratio (r) for the actual size radiator can be calculated by considering maca and myeic and specific heat of
coolant and air.

In experimental study, Inlet and Outlet temperatures of coolant and air are measured which are expressed as taj, tc;, tao
and tc.

LMTD (Log mean Temperature Difference) for test condition is estimated as,

(tc,i - ta,O) B (tc,O B ta,i)

LMTD =
I (tc,i _ ta,O)
(tc,O - ta,i)
UA for the scaled down radiator is estimated using Eq (5)
Q =U*A*LMTD 5)

where Q is the heat transfer rate, U is the overall heat transfer coefficient and A is the heat transfer area for the scaled
down radiator.

During estimation of mass flow rates of coolant and air for the actual radiator, the coolant and air side velocity of the
actual radiator is to be maintained as same as those of the scaled down radiator.

As both the radiator have same fin in the coolant and air passage, corresponding hydraulic diameter is same for both
radiator.

Hence coolant and air side Reynolds number of scaled down radiator is same as those of actual size radiator (due to the
same velocity and hydraulic diameter in both cases). So coolant and air side heat transfer coefficient of scaled down
radiator is same as those of the actual size radiator. This results in the same overall heat transfer coefficient (U) for both
the scaled down radiator and the actual size radiator.

The fin compactness ratio (B) is same for both the scaled down radiator and the actual size radiator, as both of them have
same fin. So the ratio of heat transfer area for the scaled down radiator and the actual radiator is the same as the ratio of
their volume.

UA of the actual radiator can be calculated by Eq. (6)
UAgee = UAger X vz_:t(7)

NTU (Number of Transfer Unit) for actual radiator is calculated by Eq. (8)

UAgct

(mcp)a,act

NTU = (8)
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Effectiveness (€) of this radiator can be estimated from Eq. (9)
e=f(NTU, ) )
The maximum possible heat transfer of this radiator is calculated by Eq. (10)

Qmax = (mcp)a'actx(ti,c —lia (10)

Heat transfer rate of the actual radiator with the coolant and mass flow rate of (mac,a) and coolant (mac) respectively and
temperature potential same as the condition is estimated by Eq. (11)

Qact = € X Qax (1)

If Qsi, Qso Q.n are obtained for scaled down radiator at mgc;, Msc2, Mscn, mass flow rates of coolant and mg,,
,,,,,,,, mg ., mass flow rates of air, the heat transfer rate Qact.1, Qact, 2........ Qact.n for the actual radiator with macic 1, Mactc, ...

Mactcn Mass flow rates of coolant and Macta,1, Macta?.,..... Macan Mass flow rates of air can be estimated by the above
described method.

III. EXPERIMENTAL RESULTS

3. Examples of extrapolated results:
Air side pressure drop obtained in the radiator of size 250x300x38 mm and that extrapolated to a radiator of size
341x400x75 mm is shown in Figs 1 and 2 (both the radiators have same combinations of fin).

Heat transfer obtained in the radiator of size 341x400x75 mm and that extrapolated to a radiator of size 341x400x75 mm
is shown in Figs 3 and 4 (both the radiators have same combinations of fin).
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Fig 1: Air side pressure drop at different mass flow rates of air for 250x300x38 mm radiator
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Fig 2: Air side pressure drop at different mass flow rates of air for 1100x860x68 mm radiator

IJIRSET©2024 | AnlISO 9001:2008 Certified Journal | 16121


http://www.ijirset.com/

ﬂ“gﬁé International Journal of Innovative Research of
[FI;I 3] Science, Engineering and Technology (IJIRSET)

|www.ijirset.com |A Monthly, Peer Reviewed & Referred Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 13, Issue 9, September 2024
|DOI: 10.15680/1JIRSET.2024.1309025]|

100

E 80

3

g 60

5 —=(.25 kg/s
Z 40 —=—0.75 kg/s
g 20 . A 1.5 kg/s
g o

= 0 50 100 150

Coolant flow rate (Ipm)

Fig 3: Heat transfer rates at different flow rates of air (kg/s) and coolant (Ipm) for 341x400x75 mm radiator at 60°C
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Fig 4: Heat transfer rates at different flow rates of air (kg/s) and coolant (Ipm) for 1100x860x68 mm radiator at 60°C
inlet potential

IV. CONCLUSION

4. Conclusions:

This paper describes the method for extrapolation of results obtained during testing of scaled down radiator. In addition,
the mass flow rates of air and coolant during testing of scaled down radiator also need to be extrapolated for getting the
results of actual size radiator. This method is also described in the present paper. Hence, during carrying out the
experiments with scaled radiator, mass flow rates of coolant and air need to be selected judiciously so that after
extrapolation they correspond to the required mass flow rates of coolant and in the actual size radiator. Scaled radiator
can be tested in a small test set up and power requirement is also less for carrying out test with scaled radiator than that
with actual size radiator.
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